Intensive Care (ICU) survivors discharged from ICU to the general ward at night have a higher mortality 1,2 . We sought to clarify which factors, including night-shift discharge, influence outcome following ICU discharge in a metropolitan hospital, using a cohort study of critically-ill patients between 1/1/1999-30/4/2003. Patients were excluded from analysis if they (a) died in ICU, (b) were transferred to another hospital, (c) had an ICU length of stay <8 hours, or (d) age <16 years.
Intensive Care Unit (ICU) discharge planning seeks to ensure safe and efficient transition from ICU to the general ward [3] [4] [5] [6] . Poor planning may result in discontinuity of care, delayed recovery and ICU readmission [7] [8] [9] . Important factors include the destination and the timing of discharge 1, [3] [4] [5] [6] [7] [8] [9] . For example, premature ICU discharge increases the risk of readmission 6,7 and death 1 .
The time of day may also be a crucial factor in ICU discharge planning 9 . Night-time discharge is associated with an increase in mortality risk, but this may be the consequence of premature discharge 7, 8 and not necessarily linked to the discharge time-of-day per se 1, 9 . Since the prevalence of premature discharge is much lower in our ICU, we sought to clarify the question, does night-time ICU discharge increase mortality-risk and what factors predict outcome of ICU survivors in our hospital?
METHODS
We undertook a prospective cohort study of ICU survivors between January 1, 1999 and April 30, 2003. All patients over 16 years of age, with an ICU stay of greater than eight hours and who survived to ICU discharge were entered in the study. Hospital ethics committee approval was obtained, and patient consent was deemed to be unnecessary because of the observational nature of the research, and the use of de-identified data derived from the existing hospital dataset.
The Northern Hospital is a Melbourne metropolitan university affiliated teaching hospital providing acute-care health services, except cardiac surgery and organ transplantation. High-dependency nursing and life-support therapies (including low-dose inotropes and non-invasive ventilatory support) are not available outside the ICU. The decision to discharge a patient from ICU is a matter of clinical judgement by the attending intensive care specialist in consultation with the ICU nursing staff, and where possible ICU discharge during the night is avoided.
Patients were excluded from the analysis if they were transferred to another hospital for definitive care (other than rehabilitation.) Only the first admission to ICU was included in the hospital outcome analysis-readmissions to ICU (within the same hospital admission) were excluded. The primary outcome measure was hospital discharge status, and the secondary measure was unplanned ICU readmission.
Patient Data
Data collected by the authors included deidentified patient demographics, final diagnosis, APACHE II mortality-risk (p m ) following admission to ICU 10 , preferred and actual ICU discharge time, and the presence of "limitation of medical treatment" (LMT) orders at the time of ICU discharge. The hospital's LMT policy covers any of the following: limiting or withholding one or more life-support therapies, including cardiopulmonary resuscitation ("do not resuscitate" orders), and the use of palliative care measures. Subjects were categorized according to the nursing-shift times ( Table 1) into one of three sub-groups depending upon the (actual) ICU discharge time.
APACHE II variables and calculated p m , for the entire cohort, were submitted to the Adult Patient Database 11 (the Australian and New Zealand Intensive Care Society national data repository) for validation, data quality checks, and comparison with national benchmarks. Retrospective case record review was used to correct erroneous or suspicious data, e.g. discharge time 00:00 hours.
Statistical Analysis
SPSS 12 statistical package was used for data analysis. Due to the heterogeneity of our patients and the skewed distribution of the data, non-parametric tests were used for subgroup comparisons: Kruskal-Wallis one-way ANOVA for continuous variables, and Chisquared test for categorical variables.
Multivariate analysis using logistic regression was used to develop an outcome prediction model for ICU survivors. Parameters entered into the logistic regression analysis are listed in Table 2 . Risk adjustment was undertaken using the APACHE II mortality-risk (p m ) 10 as an index of severity of illness.
Based on 4% in-hospital mortality for ICU survivors we calculated that a population of over 2,000 patients would be required to sufficiently power the study (alpha=0.05, beta=0.20) to detect a 50% difference in mortality.
RESULTS
During the 52-month study period, there were 2247 admissions to ICU, with a median age of 62 (interquartile range=42-73) years, an APACHE II score of 15 (10-21) and APACHE II p m of 0.13 (0.05-0.30). Eighty-two per cent were emergency admissions, 39% required mechanical ventilation, and 11.7% (263 patients) died in ICU. One thousand eight hundred and eighty-nine critically ill patients were discharged alive from ICU after a median stay of 49 (25-114) hours. Nineteen subjects were excluded from the analysis (11 transferred to another hospital; 8 less than 16 years old) leaving 1870 that met the inclusion criteria. Ninety-two (4.9%) of the study group died in the hospital following ICU discharge, and there were 95 (5.1%) unplanned readmissions to ICU.
Discharge from ICU occurred more frequently during the day-(47%) and evening shifts (37%), with only 292 (16%) patients being discharged during the night-shift ( Figure 1 ). We compared night-shift discharge rates for each day of the week, and for seasonal fluctuations, and could not identify any calendar or seasonal pattern.
The case-fatality rate following night-shift discharge (8.2%) was higher than the fatality rate following day-(4.6%) or evening-shift (4.0%) discharges (Table 3 .) ICU survivors discharged during the day-shift appeared to have a lower severity of illness on admission (APACHE II p m ), and a lower prevalence of unplanned ICU readmission, than those discharged during the later shifts. Delayed ICU discharge (37%) was more frequent than premature discharge (2%) and there was a higher prevalence of both in association with nightshift discharge (Table 3 .)
Of the variables entered into the logistic regression analysis, only three factors were found to be predictive of death following ICU discharge: (a) the APACHE II p m following admission to ICU (b) the presence of an LMT order; and (c) ICU discharge during the night-shift (see Table 4 .)
DISCUSSION
These data suggest that the timing of ICU discharge 1, 2, 9 , in addition to the (initial) illness severity and decisions to limit therapy, influence the outcome of ICU survivors. The case fatality rate in ICU-survivors was higher for those discharged during the night-shift, even after adjusting for confounding factors such as severity of illness, LMT status, and premature or delayed ICU discharge. Unplanned ICU readmission also appeared to be more common following evening and night-shift discharge.
Although illness severity (APACHE II p m after admission to ICU) and decisions to limit treatment (LMT) had a much greater impact on patient outcome, timing of ICU discharge is the only factor amenable to intervention. (A reduction in the use of LMT orders is only likely to result in an increase in inappropriate readmission to ICU without improving survival.)
There are a number of important sources of potential bias in this study. The population was an uncontrolled and heterogeneous group from one institution and discharge decisions were a matter of clinical judgement. Age and illness severity markers (APACHE II score and p m ) indicate that patients discharged during the evening and night-shift may have been at greater risk than those discharged during the day shift 1 . Severity of illness at the time of ICU discharge may be a more important predictor of post-ICU mortality than severity of illness on admission 4-6,9 . We did not measure illness severity at the time of ICU discharge because the APACHE II methodology has not been validated for this particular purpose. We cannot exclude the possibility that inadequate severity of illness assessment may be more important than discharge timing 13 .
The confidence interval for the relative risk associated with discharge timing is close to unity ( methodological bias is possible. In support of this, a large multi-centre Finnish study 14 did not find any association between post-ICU mortality and discharge outside "office hours" (0800-1600hours.) It is worth noting that we found similar results (not shown) to the Finnish study when we interrogated our data using office hours instead of nursing shift-times. More importantly, a number of other multi-centre studies have demonstrated similar results to ours 1,2,9 . These apparent conflicting results may simply indicate that the nursing night-shift time period is more important than the time period outside office hours. There are a number of possible reasons why nightshift discharge might put ICU-survivors at greater risk. The seminal research of Goldfrad and Rowan 1 has suggested that premature discharge is more common at night and both are associated with an increase in risk-adjusted mortality 9 . We did not identify any association between premature discharge and post-ICU mortality, possibly because our numbers were too small (Table 3 ). In addition, we found no outcome benefit from delayed discharge. It is therefore unlikely that premature discharge is the only factor that increases mortality-risk following night-shift ICU discharge 4,6,9 . It is possible that poor prognosis patients are more likely to be discharged during the night-shift than those with a better prognosis 1, 6 . We found that an LMT order was a significant predictor of an adverse outcome 15 (Table 4 ) and was more prevalent in those discharged during the night-shift (Table 3 ). Even after adjustment for poor prognosis using the presence of an LMT order and illness severity (on admission to ICU), timing of ICU discharge remained a significant predictor of outcome.
There are a number of important variables linked to nursing-shift periods that may explain the association with patient outcome. Staff availability and nurse:patient ratios in the general wards are lower during the night-shift. In our ICU, the lowest nurse: patient ratio was 1:2, but in the general ward the ratio was 1:4 during the day-and evening-shifts, and only 1:8 during the night-shift. Medical staff:patient ratios in the general wards fell by at least 80% overnight, in our institution. The "parent" Unit medical staff is more often off-duty and those who are on-duty are pre-occupied with more urgent issues and new admissions. There may be insufficient time for adequate handover and for regular patient assessment and observations. Communication errors during handover may lead to adverse patient events 16 .
We observed that an ICU discharge during the night was often triggered by a new admission. As a consequence the staff become preoccupied managing the new critically ill patient, with less resources available for the "stable" patient awaiting, or undergoing, transfer to the ward. These factors may impact on the quality of communication and continuity of patient care at the time of transfer from ICU to the general ward.
As a consequence of the quantitative fall in staffing levels in the general ward during the night, continuity of care may suffer, medical and nursing handovers may be less effective, and physiological aberrations may go unrecognized and unrecorded.
If the inferences from this and similar studies 1,2,4,6,9 are correct then it may be possible to improve patient outcome through improved ICU-discharge planning. Solutions will vary between institutions, depending upon the prevalence of premature and night-shift discharge, and the staffing resources available. The currently available data suggests that, where possible, premature 1,4,6 and night-shift discharge 1,2,9 should be avoided. It may be beneficial to use step-down or high-dependency areas 4, 9, 15 or quarantine general ward beds overnight to facilitate transfer during the following day-shift. The aim is to improve communication 16 and continuity of care around the time of handover and minimize the risk of a hurried or disorganized transfer to the general ward. Discharge planning solutions should not delay or prevent new admissions to ICU as this will only increase the mortality-risk of these patients 17, 18 .
In conclusion, this study supports other published research in identifying an association between nightshift discharge and adverse outcome of ICU survivors. The reasons for this association are unclear but may be related to the impact of staffing levels and discharge planning on the continuity of care, rather than the time of day per se. Further investigation will be required to identify which (if any) factors, linked to the time of ICU discharge, cause preventable morbidity or mortality.
